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Rationale and Objectives: In flipped learning, medical students independently learn facts and concepts outside the classroom, and
then participate in interactive classes to learn to apply these facts. Although there are recent calls for medical education reform using
flipped learning, little has been published on its effectiveness. Our study compares the effects of flipped learning to traditional didactic
instruction on students’ academic achievement, task value, and achievement emotions.
Materials and Methods: At three institutions, we alternated flipped learning with traditional didactic lectures during radiology clerkships,
with 175 medical students completing a pretest on general diagnostic imaging knowledge to assess baseline cohort comparability. Fol-
lowing instruction, posttests and survey examinations of task value and achievement emotions were administered. Linear mixed effects
analysis was used to examine the relationship between test scores and instruction type. Survey responses were modeled using ordinal
category logistic regression. Instructor surveys were also collected.
Results: There were no baseline differences in test scores. Mean posttest minus pretest scores were 10.5% higher in the flipped learn-
ing group than in the didactic instruction group (P = 0.013). Assessment of task value and achievement emotions showed greater task
value, increased enjoyment, and decreased boredom with flipped learning (all P < 0.01). All instructors preferred the flipped learning
condition.
Conclusions: Flipped learning was associated with increased academic achievement, greater task value, and more positive achieve-
ment emotions when compared to traditional didactic instruction. Further investigation of flipped learning methods in radiology education
is needed to determine whether flipped learning improves long-term retention of knowledge, academic success, and patient care.
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INTRODUCTION
M edical students must master an extraordinarily largeknowledge base and associated technical vocabu-lary in a very short time period. To this end,
undergraduate radiology education has been largely domi-
nated by didactic teaching methods designed to expeditiously
deliver large volumes of information with a minimum
student/instructor interaction (1). However, traditional large
group lectures may not be ideal for the facilitation of devel-
opment of the types of knowledge discovery and problem-
solving skills required in radiology and other types of medical
practice (2,3).
To address this problem, there is growing interest in ex-
ploring complementary medical instructional approaches that
would more efficiently fill in existing knowledge gaps, foster
application of knowledge stores, promote higher order think-
ing, and better prepare students for the challenges of clinical
decision-making encountered in patient care contexts (4,5).
Although many medical schools have begun to integrate
problem- and team-based learning into their curricula, the tran-
sition to these interactive learning methods has been slow,
and the use of didactic lectures still predominates (6). It is dif-
ficult to assess the learning outcomes associated with the
ongoing slow reform in undergraduate medical education over
the past decade, because medical educators have historically
adopted varying definitions of what constitutes a problem-
based learning curriculum, and not all have adopted the criteria
advocated by Barrows, who developed the first problem-
based learning curriculum at McMasters University (7).
Moreover, estimates of the efficacy of problem-based learn-
ing in medical curricula vary (7,9,10).
Concerning the rate at which clerkship education is chang-
ing to incorporate more problem-based learning approaches,
an informal survey of the institutions participating in this study
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revealed that didactics are still widely used, occupying between
50% and 95% of the available clerkship class time, perhaps
because of both the relative efficiency of lectures in
transmitting information to large groups and the faculty re-
luctance to adopt new teaching methods. In radiology
instruction during the clinical years in medical education, 50%
of institutions report exclusive use of lectures and textbooks
(8). Concerns have also been raised regarding the economic
viability of problem-based curricula for medical school class
sizes greater than 100 because of the extensive resources needed
to operate a fully problem-based curriculum (9,10). We suspect
that lectures constitute the primary formal education method
in medical clerkships in most US institutions and that it is
common for clerkship students to receive didactic instruc-
tion by attending lectures designed primarily for resident staff.
The flipped classroom pedagogical approach encourages stu-
dents to work independently to learn basic facts and concepts
outside the classroom through varied methods, including
reading, completing online education modules, and watch-
ing recorded lectures (11–15). This self-paced fact learning
is supplemented by more dynamic, interactive classes in which
the educator engages students in activities designed to develop
skills related to application of these facts and concepts (16).
The key features of this blended learning method involve both
the use of class time to foster interactive application of knowl-
edge and a shift in the educator’s role from primarily
transmitting facts to one facilitating deeper learning (17,18).
The flipped classroom framework can be contrasted with more
traditional instructional approaches in which classroom time
consists of didactic lectures, and work outside the classroom
involves either additional reading or working on problem sets
before or after the didactic lecture. A key aspect of the flipped
classroom involves moving basic material learning to self-
paced sessions before class, thereby preserving class time for
heightened student/instructor interaction and consolidation
of the basic material.
An extension of the original flipped classroom idea, called
flipped learning, has additional features, including an even more
active and collaborative learning environment, additional options
for self-paced learning, possibilities for peer-to-peer teach-
ing, and provision of feedback to students for successful
performance (19,20). In this arrangement, a particular advan-
tage to instructors is the opportunity to identify concepts and
skills that present difficulties for individual students, allow-
ing adaptation of the teaching session to promote mastery of
the more challenging skills and more strongly reinforce learn-
ing of basic facts and concepts (13).
Flipped classroom and flipped learning methods have been
widely used in grade school, college, and graduate business
education (19,21–25). Although not employed extensively in
medical education, flipped approaches are being considered
by many medical school curriculum reform efforts (26). Em-
ploying them seems sensible in a digitally oriented world with
rapidly increasing biomedical knowledge, whose mastery may
require more efficient instructional methods. Flipped learn-
ing in medicine allows students to apply recently acquired
domain knowledge to problem-solving scenarios that simu-
late the clinical decision processes commonly required in patient
care. This experiential and situated learning has high face va-
lidity with respect to physician training, in contrast to lectures
that simply convey facts. Although we agree with the need
to reimagine how medical education is delivered, very little
has been published on the effectiveness of flipped learning ap-
proaches in medical education settings. It seems prudent to
explore the effectiveness and student acceptability of this pro-
posed reform before implementing such a major transformation
in the delivery of undergraduate medical education.
While exploring the efficacy of flipped learning in fact and
skill learning, it is also important to examine the emotional
factors that influence learning in medical environments. Medical
students’ motivational beliefs and achievement emotions play
a significant role in their academic achievement (27), perhaps
by encouraging the types of more intense student participa-
tion that strongly correlate with academic performance (28,29).
Although cognitive factors, including academic achieve-
ment and standardized test scores, receive strong emphasis in
medical education, they are often of limited value in pre-
dicting future clinical performance (27,30). Medical students
are consistently reminded that the process of learning is more
important than the grades received. Even so, the National Res-
idency Matching Program fosters an emphasis on quantitative
performance data to discern levels of achievement, paradox-
ically emphasizing the weight of grades and standardized
examination results. This situation should compel us to more
closely examine personal factors that shape learning and per-
formance in medical training, as their assessment may contribute
to better prediction of an individual’s class performance. To
our knowledge, there are no previous studies examining how
flipped learning influences emotional and experiential factors.
We hypothesized that a flipped learning approach, centered
on clinical diagnosis and management scenarios, will facili-
tate mastery of the radiology clerkship curriculum, strengthen
motivation beliefs, and elicit more positive achievement emo-
tions. Our experimental design compared the effects of flipped
learning to didactic instruction on medical students’ academ-
ic achievement, task value, and achievement emotions in a
radiology clerkship course. We believe that comparing the
outcomes associated with flipped learning and didactic in-
struction is an important first step, as it provides a relevant
contrast between two operationally defined teaching methods,
in the context of ongoing calls for replacement of didactics
with flipped learning (6,26).
METHODS
A prospective cohort study was conducted from January 2014
to April 2015 at three medical schools, with Institutional
Review Board approval at each site. We attempted to include
a geographically diverse breadth of schools to account for pos-
sible regional influences. All participants were third or fourth
year medical students enrolled in a 4-week radiology clerk-
ship or radiology elective at one of the three participating
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institutions. There were a total of four instructors at the three
sites. At two of the sites, one instructor was responsible for
two neuroimaging educational sessions. At the third site, there
were two instructors, each of whom was responsible for pre-
senting one of the two neuroimaging topics covered and
presented their assigned topic in both the didactic lecture and
the flipped learning workshop formats. We chose to con-
trast flipped learning with traditional didactic instruction because
instructional lectures are still widely used in medical curric-
ula, and the two approaches could be operationally defined
to allow clean experimental comparison.
Before the start of the study, two traditional didactic lec-
tures and two flipped learning workshops, both focusing on
the same neuroimaging content, were designed by two of the
authors who are fellowship-trained, practicing neuroradiologists
who direct the radiology course at their institutions. Al-
though the learning objectives and curriculum covered by the
traditional didactic lectures and flipped learning workshops
were identical, the flipped learning workshops used clinical
scenarios designed to engage students in the application of factual
knowledge. The lectures and flipped learning workshops un-
derwent peer review by three different radiologists. Two of
the reviewers subspecialized in neuroradiology, and the other
had extensive experience in undergraduate medical educa-
tion. The reviewers critiqued both the didactic lectures and
the flipped learning workshops and evaluated whether both
curricula covered the stated learning objectives and had similar
content. The didactic lectures and flipped learning work-
shops were edited based on the reviews and then sent back
to the reviewers for final approval.
Guidelines on how faculty should deliver the didactic lec-
tures and administer the flipped learning sessions were developed
before the start of the study to increase the uniformity of the
material presented across institutions. Each traditional didac-
tic lecture and flipped learning workshop came with a script
for the instructor to follow. In addition, all authors attended
a 9-hour training session. Didactic lectures and flipped learn-
ing sessions covered the same content and had the same learning
objectives.
Flipped learning educators distinguish between flipped class-
rooms and flipped learning, as these terms are not
interchangeable. Some educators may already supplement their
classes by assigning students texts, online tutorials, or supple-
mental videos before or after class. However, to implement
flipped learning, educators must integrate the following ad-
ditional components into their practice: a flexible teaching
environment, a learning culture, intentional content, and a
professional educator (16). With these characteristics, flexi-
ble learning environments provide variation in learning modes,
possibilities for students to interact and reflect on their learn-
ing experience, and opportunities to monitor student progress
and make adjustments as needed (16).
To provide a flexible learning environment for our flipped
learning cohorts, the medical students completed a self-
paced online tutorial before attending an interactive workshop
that posed questions to medical students based on common
clinical scenarios. The medical students would then analyze
the associated images and summarize the relevant imaging find-
ings. Although content and presentation guidelines were
provided to facilitators conducting the workshops, instruc-
tors were able to adapt individual workshops to devote more
time on teaching concepts that particular medical students found
more challenging and devote less time on concepts that stu-
dents had already mastered.
A culture of learning shifts emphasis from the educator to
the learner (16). When students actively participate in knowl-
edge application, the resultant learning should hold greater
personal meaning and students have opportunities to explore
content in greater depth. To incorporate this pillar into our
flipped learning classes, educators facilitated a workshop that
asked medical students to answer questions and solve prob-
lems during class time. Particular topics could be explored in
greater detail where needed or desired. The flipped learning
workshops used clinical scenarios to simulate clinical decision-
making with emphasis on the role of imaging, providing a
source of personal meaning for student physicians. This ar-
rangement contrasts with traditional didactic instruction that
uses an educator-centered model, with the instructor serving
as the primary source for fact dissemination, and students not
given opportunities in class to develop clinical decision-
making skills.
Emphasizing intentional content requires that educators
decide what material students should explore on their own
and what student-centered active learning strategies they will
use in class to facilitate synthesis of knowledge (16). For this
study, we employed online neuroimaging tutorials that medical
students would be required to complete before attending class
and designed the associated flipped learning workshops. The
flipped learning workshops employed active learning strate-
gies that required application and synthesis of knowledge
acquired during the online tutorials. Questions were posed
to learners in slide format with a single question per slide, with
answers discussed in the class to promote discussion. In the
clinical scenarios used for problem solving, students were asked
to highlight and discuss imaging findings presented on slides,
then explaining how the imaging findings would affect clin-
ical care. Although the authors designed the didactic lectures
to cover content and learning objectives identical to the flipped
learning workshops, the didactic lectures did not use active
learning strategies.
The presence of a professional educator plays an essential
role in observing and providing immediate feedback to learn-
ers in flipped learning classes (16). The flipped learning arm
of our study incorporated this pillar through the facilitators’
discussion of correct and incorrect answers during class time.
To control for the amount of learning time spent by each
cohort, the didactic classes also completed the assigned online
tutorials before attending lectures. However, we did not in-
corporate any of the four pillars of flipped learning into their
instruction.
All components of the investigation (Fig 1) were com-
pleted within the first 2 weeks of the 4-week clerkship and
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there were no other neuroimaging teaching sessions sched-
uled during that time. Student assignment to flipped learning
(intervention group) or traditional didactic lectures (control
group) alternated with each block of the clerkship, with 175
(69%) of the 253 radiology students consenting to the study
and completing all requirements for inclusion. There were
103 subjects out of 139 in the traditional didactic instruc-
tion cohort and 72 subjects out of 112 in the flipped learning
cohort, representing 27% and 36% drop-out rates, respec-
tively. Although student participation in the study was voluntary,
all components of the study, with the exception of the survey,
were course requirements. The pretest and posttest scores did
not count toward the students’ final grade.
To assess baseline comparability between the cohorts, on
the first day of the course, all students completed a pretest
comprising 20 validated questions on general imaging knowl-
edge selected from the Radiology ExamWeb databank (31)
(ExamWeb, St. Helena, CA). Radiology ExamWeb is a na-
tional, web-based question item database and examination
system.
Subjects in both the control and the intervention groups
were required to complete a peer-reviewed, online, virtual
patient, neuroradiology educational tutorial before attend-
ing the traditional didactic lecture or flipped learning workshop.
The tutorials were from the Case-based Online Radiology
Education collection (www.med-u.org/core), for which the
participating institutions had subscriptions. One of the online
tutorials focused on trauma neuroimaging. The average time
taken by students in the didactic cohort to complete this
tutorial was 46 minutes and the average time taken by stu-
dents in the flipped learning cohort was 48 minutes. The
other online tutorial focused on neuroimaging of stroke and
headache, for which the average time taken for completion
was 61 minutes for the didactic cohort and 62 minutes for
the flipped learning cohort. Timely completion of the tuto-
rials was a criterion for inclusion in the study and was
monitored.
Instructors were blinded as to which students enrolled in
the study. The control group received two 65- to 70-
minute didactic lectures that encompassed the content of the
online tutorial. Subjects in the control group were asked to
hold their questions until the end of the lecture, with the final
10 minutes of the session used to answer questions. Subjects
in the intervention group took part in flipped learning work-
shops that required application and synthesis of knowledge
acquired from the online tutorials using the methods de-
scribed previously. The flipped learning workshops lasted 70–
75 minutes. The range of time between the two neuroimaging
sessions for both cohorts was 0–11 days.
A 19-item electronic survey was administered after the second
neuroimaging didactic lecture or flipped classroom work-
shop to examine students’ task value and achievement emotions
associated with the neuroimaging instruction (Appendix). Task
value is defined as students’ subjective judgments of how in-
teresting, important, and useful an educational activity is to
them (32). Course task value was measured by adapting ques-
tions from a previous educational study (33). The six-item
task value subscale assessed how interesting, important, and
useful the presented material was to the participants. Stu-
dents’ achievement emotions are defined as emotions tied
directly to achievement activities or achievement outcomes
(34). Achievement emotions related to the course were mea-
sured using a shortened version of the class-related emotions
section of the Achievement Emotions Questionnaire (35).
Minor changes were made to wording used in the original
subscales to reflect the undergraduate medical education context
of our investigation. Both adapted subscales were modeled
after the previous work of Artino et al. (27). Student survey
responses concerning task value and achievement emotions
associated with sessions were collected using 5-point Likert
items and managed using REDCap electronic data capture
tools (36). Likert scale responses were formed by summing
responses within each of the five categories: task value, en-
joyment, anxiety, boredom, and two miscellaneous questions.
We then compared the task value and achievement emo-
tions between the two cohorts using ordinal categorical
regression.
A posttest, consisting of 30, multiple-choice, validated ex-
amination questions drawn from the Radiology ExamWeb
data bank was administered within 3 days of completion of
the second neuroimaging didactic lecture/flipped classroom
workshop. The posttest questions assessed knowledge of the
neuroimaging content covered and were based on the key
Figure 1. The flowchart demonstrates the chronological order of
the investigation for each cohort. (Color version of the figure is avail-
able online).
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learning objectives of the two online virtual patient
neuroimaging cases.
The pretest and posttest items had been previously vali-
dated by analysis of P and point biserial coefficients so that
P values were >0.35 and <0.95 and point biserial coefficient
value was >0.10. Items had been previously deployed in na-
tional examinations with >30 student respondents and reviewed
by the Radiology ExamWeb Committee (Alliance of Medical
Student Educators in Radiology). The pretest and posttest scores
did not count toward students’ final grade for the course.
Data Collection and Analysis
A survey, incorporating two subscales assessing task value and
student achievement emotion, was administered via REDCap
(36). Data were then screened for accuracy and missing values.
Examination score data were imported from Radiology
ExamWeb and then screened for accuracy and missing values.
We used R 3.2.2 (R Core Team, 2015) and the lmer func-
tion to perform a linear-mixed effects regression analysis of
the relationship between test score and instruction type. As
fixed effects, we entered test (pre vs. post instruction test) and
instruction type and their interaction into the model. As random
effects, we included intercepts for subjects and institutions.
Visual inspection of residual plots did not reveal any obvious
deviations from homoscedasticity (variance homogeneity)
or normality. Parameter-specific P values and approximate
degrees of freedom were obtained using the Satterthwaite
approximation.
Survey responses to individual questions were first examined
using Likert plots (37) (Figs 2 and 3). Next, responses assess-
ing task value or emotional content were then summed within
each category and modeled using an ordinal logistic re-
sponse model with a cumulative link function (vglm function).
Instructor surveys regarding their experience using tradi-
tional didactic instruction and flipped classroom instruction
were also administered via REDCap with Likert items that
ranged from strongly disagree to strongly agree (Table 2). Free
response questions that inquired about aspects of each in-
structional technique that promoted or hindered learning were
also included in the survey.
RESULTS
The mean pretest score was 53.4%. There was no statistical-
ly significant difference in the pretest scores between thetwo
cohorts (P = 0.42). The mean test score increase averaged across
both instruction types was 28.5% (P < 0.001). The effect of
instruction type is seen in the interaction between pre- and
post test scores and instruction type (P = 0.013), reflecting a
5.36% greater score increase in the flipped learning than in
the didactic instruction cohort (Fig 2a). There was no sig-
nificant variation in the effects of instruction type among
institutions (Fig 2b).
Figure 3. (a) Each student answered one of five levels of agreement or disagreement with each of 19 questions. Survey results revealed
a largely consistent pattern of responses within each of the five question types. Answers are shown averaged for both cohorts with re-
sponses grouped by categories to demonstrate the polarity of the responses: TV, task value; AE-E, achievement emotions—enjoyment; AE-
A, achievement emotions—anxiety; AE-B, achievement emotions—boredom. Each panel of the plot shows an ordered grouping of the questions
into the category listed in its left strip label. The frequency distribution of many of the responses is skewed, motivating treatment of the
data with ordinal categorical modeling. The number of students answering each question is shown as row count totals. (b) The student
survey results are shown here with the didactic and flipped group survey responses in separate columns, showing differences in the re-
sponse frequency distributions in the two experimental conditions. The survey questions are listed to the left of the response distributions
in the order presented. (Color version of the figure is available online).
Figure 2. (a) Effect of instruction type on test scores. The box plots
show changes in median pretest and posttest scores in the tradi-
tional didactic instruction and flipped learning cohorts. Gray boxes
represent pretest scores and white boxes represent posttest scores.
The horizontal line is the median; the box shows the interquartile range
and the notch displays a 95% confidence interval around the median.
(b) Effect of site on test scores. The box plots show variation in the
effects of instruction type among the three participating institu-
tions, labeled 1, 2, and 3. Gray boxes represent pretest scores and
white boxes represent posttest scores. The horizontal line is the
median; the box shows the interquartile range and the notch dis-
plays a 95% confidence interval around the median.
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An analysis of variance with dropout number as the re-
sponse variable and class type and institution as factors did not
reveal a statistically significant effect of either class type or in-
stitution or their interaction.
Survey results for the entire group revealed a largely con-
sistent pattern of responses within each of the five question
categories (Fig 3a). Visual inspection of the associated Likert
plots shows differences between the flipped learning cohort
and the didactic lecture cohorts (Fig 3b). The results of ordinal
multinomial response models confirmed that the flipped class-
room group experienced higher task value (P < 0.001), less
boredom (P < 0.001), and had greater enjoyment (P < 0.001).
There was no statistically significant difference in anxiety ex-
perienced by the two cohorts (P = 0.579). There was no
statistically significant effect of sex on task value, enjoy-
ment, anxiety, or boredom (P = 0354, P = 0.546, P = 0.516,
P = 0.368, respectively) (Table 1).
Instructor survey responses are listed in Table 2. All of the
instructors preferred the flipped learning condition, with three
of the four strongly favoring it as the preferred teaching
style.
DISCUSSION
Critical thinking and complex reasoning skills are at the core
of medical education (38). The traditional didactic ap-
proaches often used in medical education do not foster such
skills (4). We tested the effects of flipped learning in radiol-
ogy clerkships to explore whether it would better facilitate
fact learning and the development of clinical decision-
making skills. Flipped learning provides medical students with
opportunities to develop self-directed learning skills, still al-
lowing possibilities for solidifying acquired knowledge and
concepts through facilitator-led interactive workshops (39).
Flipped learning uses modern instructional technologies for
pre-class learning and encourages participation in more in-
teractive activities such as problem solving, discussions, and
debates during class time (12–16,40). Videos, online educa-
tional modules, and recorded lectures are ideal media for a
flipped learning approach, providing students with self-
study materials to be covered at their convenience, and freeing
educators to use limited class time more efficiently and ef-
fectively (41). Our study demonstrates how the interactive
nature of flipped learning is effective in developing problem-
solving and radiology clinical decision-making skills. It also
clearly demonstrates the positive impact interactive learning
has on emotional factors that influence learning. Our flipped
learning model gave students experience with clinical cases
and compelled them to apply the facts previously learned via
self-study to patient care contexts. Although students receiv-
ing didactic instruction may also learn facts independently before
or during instruction, the application of these facts generally
receives little attention. In addition, the traditional didactic
classroom environment lacks flexibility, as instructors are unable
to adapt the session to meet individual students’ needs. Ex-
ercises performed in an interactive environment empower
students to envision how their acquired knowledge can in-
fluence subsequent patient care, giving the exercises personal
meaning for physicians in training. The traditional didactic
lecture format may make it more difficult for students to see
how disseminated information will affect patient care, and thus
may have less associated personal meaning.
There is evidence that engaging students in active learn-
ing exercises improves learning outcomes, motivation, and
attitudes (42–44). Advances in instructional technology make
online learning convenient and may also improve educa-
tional outcomes. A meta-analysis published by the Department
of Education in 2010 concluded that “on average, students
TABLE 1. Student Survey Results for Didactic and Flipped Classroom Types
TV-SUM AE-E-SUM AE-A-SUM AE-B-SUM
Didactic
Strongly Disagree 2 0 70 48
Disagree 23 19 177 91
Neutral 106 88 97 72
Agree 303 194 55 80
Strongly Agree 184 111 13 18
Flipped
Strongly Disagree 0 0 57 44
Disagree 2 3 98 108
Neutral 42 28 50 37
Agree 175 118 72 26
Strongly Agree 213 139 11 1
Coefficients
Estimate −1.09 −1.15 −0.17 0.90
P 0.00040 0.00022 0.59 0.0032
Summed survey responses are grouped by categories.
AE-A, achievement emotions—anxiety; AE-B, achievement emotions—boredom; AE-E, achievement emotions—enjoyment; TV, task value.
Coefficient estimates and their associated P values are shown for the didactic vs flipped condition contrast.
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TABLE 2. Instructor Survey Responses
Instructor 1 Instructor 2 Instructor 3 Instructor 4
Easy to give a traditional didactic
lecture.
Disagree Strongly Agree Disagree Agree
Easy to give a flipped classroom
workshop.
Strongly Agree Neutral Agree Agree
Students found it easy to learn in a
traditional didactic lecture.
Disagree Agree Disagree Disagree
Students found it easy to learn in a
flipped classroom workshop.
Agree Strongly agree Agree Agree
Satisfied with the instruction I gave
in the traditional lecture format.
Disagree Agree Strongly disagree Neutral
Satisfied with the instruction I gave
in the flipped classroom
workshop format.
Strongly agree Agree Strongly agree Strongly agree
The traditional didactic lectures
promoted learning.
Neutral Neutral Neutral Agree
Aspects of the traditional didactic
lectures that promoted learning
The information was there Instructor determines pace and
thus can cover all material.
Structured and sequential
approach
Predictable content. Material
presented clearly.
Thoroughness and consistency
among different groups of
students.
The flipped classroom workshops
promoted learning.
Strongly agree Agree Strongly agree Strongly agree
Aspects of the flipped classroom
workshops that promoted
learning.
Easier to pay attention.
Information seems more easily
absorbed.
Able to gauge the students'
level of understanding and
dispel any misconceptions.
Students more comfortable
asking questions.
Ability to alter teaching when
student misconceptions are
identified. Students are asked to
apply their knowledge.
Require higher order cognitive
skills. Varied amount of time
spent on concepts depending on
which concepts the particular
group of students found more
challenging.
The traditional didactic lectures
hindered learning.
Neutral Strongly disagree Neutral Disagree
Aspects of traditional didactic
lectures that hindered learning.
Mind may wander sometimes Students less engaged.
Instructor unable to gauge the
students' depth of knowledge
until the end
Inability of students to ask
questions or clarify understanding
during the didactics.
Time wasted discussing concepts
already mastered, leaving less
time to spend on more difficult
concepts.
The flipped classroom workshops
hindered learning.
Strongly disagree Neutral Strongly disagree Disagree
Aspects of the flipped classroom
workshops that hindered learning.
If the student did not complete
the assigned homework,
he/she was lost.
Difficult to pace. Variations in
knowledge base may have
slowed the pace of instruction
None Some students feel intimidated by
requirement to participate
Overall preference using traditional
didactic lectures versus flipped
classroom workshops for
instruction.
Greatly prefer flipped classroom
workshops
Greatly prefer flipped classroom
workshops
Somewhat prefer flipped classroom
workshops
Greatly prefer flipped classroom
workshops
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in online learning conditions performed modestly better than
those receiving face-to-face instruction,” with larger effects
seen if the online learning was combined with face-to-face
instruction (45). This meta-analysis encompassed research
literature on career technology, higher education, medical
training, corporate training, military training, and K–12 ed-
ucation. Flipped learning takes advantage of technical advances
to teach basic cognitive skills to students in a format that
meets the style and expectations of this generation of learn-
ers, freeing instructors to use class time to foster higher order
cognitive skills through active learning exercises (41). In the
setting of clinical clerkships, the flipped learning approach
can be used to foster the development of cognitive skills
required in applying learned facts to clinical reasoning
problems.
Prior nursing and pharmacy education studies comparing
the use of a flipped classroom to traditional didactic lectures
have shown improvements in both students’ standardized test
scores and positive student perceptions (25–27). Belfi et al.
showed that flipped classroom instruction improved posttest
performance compared to independent learning and tradi-
tional didactic lectures given to medical students (46). However,
the topics taught and the instructors were different among
the comparison groups, making it difficult to isolate the effects
of instruction.
Factors that lead to an individual physician’s career success
are not well understood (47). Although medical education tends
to focus on cognitive factors, academic performance has only
a small effect on postgraduate medical competence (30). The
influence of emotional factors such as motivation and achieve-
ment emotions has only recently received attention from
medical educators (27,48,49). Task value has been shown to
be a significant predictor of students’ use of self-regulated learn-
ing and academic achievement in traditional school settings
(50).
Subjects who participated in the flipped learning cohorts
had greater interest in learning, increased enjoyment, and higher
task value than the traditional didactic instruction cohorts. These
positive effects of flipped learning on medical students’ mo-
tivational beliefs and achievement emotions can enhance
academic performance (19). Flipped learning may increase
medical students’ task value and positive achievement emo-
tions for multiple reasons. First, students are expected to prepare
in advance so that they can participate in exercises and con-
tribute to discussions. This responsibility encourages students
to prepare by completing assignments before attending in-
structional sessions. Second, exploring clinical scenarios in a
flipped learning context allows medical students to develop
skills needed to apply learned facts to clinical decision-
making. We are encouraged that despite the added level of
responsibility for medical students participating in flipped learn-
ing, they do not seem to experience more anxiety. We attribute
the increased enjoyment and decreased boredom experi-
enced by medical students in the flipped learning environments
to their discovery of how recently acquired knowledge relates
to patient care.
As medical knowledge and practice continue to rapidly
expand and change, it is imperative for radiologists to acquire
and sharpen skills using self-directed learning (1). The flipped
learning approach provides medical students with the oppor-
tunity to develop self-directed learning skills while also providing
opportunities to solidify already acquired knowledge and con-
cepts through active learning strategies. Technology is often
a key component of flipped learning, which is used to facil-
itate both independent and classroom learning activities (51).
The heavily visual nature of radiology knowledge makes videos,
online educational modules, and recorded lectures ideal media
for flipped learning approaches, providing students with en-
gaging self-study materials, thereby enabling educators to use
their limited class time more efficiently.
Parallels can be drawn between the use of clinical sce-
narios in flipped learning to develop medical problem-
solving skills and the process of applying previously learned
facts to make sound clinical decisions. Our conceptual frame-
work for this study is that medical students must first build a
foundation of factual knowledge and its associated large and
complex technical vocabulary to subsequently begin to develop
clinical problem-solving skills. That is, before students can prac-
tice clinical medicine, they must learn diagnostic and treatment
skills needed to effectively apply the facts they have learned.
We propose using flipped learning during radiology clinical
clerkships as an approach to managing a structured transi-
tion from activities mostly involving fact learning to activities
involving application of medical knowledge in patient care
settings.
This study has some limitations. First, we focused on two
neuroimaging teaching sessions that took place in the first 2
weeks of a 4-week course. The survey assessment of task value
and achievement emotions may have been confounded by
effects of concurrent non-neuroimaging teaching sessions.
Second were differences in instructional time. Flipped learn-
ing workshops typically lasted 5–10 minutes longer than their
traditional didactic counterpart. It is possible that this differ-
ence could have affected student performance, task value, and
achievement emotions. Third was the inability to control for
differences in stylistic approach by instructors. Although a script
was provided to guide the instructor through both the tra-
ditional didactic lectures and the flipped learning workshops,
there was likely variability among the instructors at different
sites and even among the individual sessions given by each
instructor. Fourth, variations in class size, ranging from 3 to
12 students per block, could have had an effect on both in-
struction and learning. Fifth, although we demonstrated that
a flipped learning approach results in better student achieve-
ment for a radiology clerkship curriculum, the use of this
instructional approach in other medical education domains
remains a topic for future investigation. Finally, the experi-
mental design we employed did not allow isolation of the
specific factors causing the superior achievement and more
positive achievement emotions in the flipped learning group.
Although flipped learning is a growing trend at all educa-
tional levels over the last decade, greatly affecting the dynamic
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of how instruction is delivered, few studies have examined
if it really improves educational outcomes or the students’ ex-
perience. Our study demonstrates that using the flipped learning
approach to educate medical students in radiology improves
student academic performance compared to the traditional di-
dactic lecture format. Flipped learning also has a positive
influence on the emotional factors associated with learning,
possibly resulting from the reinforcement students experi-
ence when successfully applying the knowledge base collected
in the first 2 years of medical school to realistic diagnostic
and treatment problems. Medical educators can have a pos-
itive effect on educational outcomes by judicious choice of
educational materials and methods. Our results motivate further
investigations concerning whether the use of flipped learn-
ing pedagogy improves long-term retention of knowledge,
eventual academic success, and patient care outcomes.
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APPENDIX
1. It was important for me to perform well in these sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
2. The sessions provided a great deal of practical information.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
3. I was very interested in the content of thes e sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
4. Attending these sessions moved me closer to attaining
my career goals.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
5. It was important for me to learn the material in these
sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
6. The knowledge I gained by attending these sessions can
be applied in many different situations.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
7. I understand the material taught in these sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
8. I enjoy the sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
9. I am excited about the material taught in these sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
10. I am happy I understand the material taught in these
sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
11. My enjoyment of the sessions makes me want to learn
the material.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
12. I worry whether I will be able to understand the session
material.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
13. I worry whether I am sufficiently prepared for the
sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
14. I worry whether the sessions’ demands might be too great.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
15. I worry whether I am sufficiently prepared for the
examination on the material taught in these
sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
16. I am bored in the sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
17. My mind tends to wander in the sessions.
Strongly Disagree
Disagree
Neutral
Agree
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Strongly Agree
18. I often think about what else I would rather be doing
during the sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
19. I felt intimidated during the question and answer seg-
ments of these sessions.
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
Questions 1–6 examine task value. Questions 8–18
examine academic achievement emotions: 8–11 focus on en-
joyment; 12–15 focus on anxiety; and 16–18 focus on boredom.
Questions 7 and 19 are nonvalidated questions used to focus
on students’ perception of whether they understood the ma-
terial covered and their level of comfort in asking questions
during the sessions.
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